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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a soft magnetic 
thin film with an electrical resistance and an 
anisotropic magnetic field, which show superior soft 
magnetic characteristics, even in high frequency region, 
and a large saturated magnetization. 

SOLUTION: This magnetic thin film is formulated with a 
general formula Coioo-X-Y.ZFeXMYOZ (atom%). and 
atomic ratios are 10<X<50, 2<Y<10, 6<Z<25 and 
15<X+Y+Z<65, respectively. M is Al, Zr, Ti, Hf. Mg. 
Be pr at least one kind of rare-earth elements whose 
heat of oxide of formation is -1000 kJ or above, and an 
anisotropic magnetic field is 20 Oe or above, an 
electrical resistivity value is 50 ^Qcm or above, and 
saturation magnetic flux density is 1 6 kG or above in it. 




COPYRIGHT: (C)1998.JPO 



(19) 0*:[im^;r (JP) 



^m^^ 10-270246 

(43) ^§10 ^^10^(1998) 10^9 9 



(oDint. CL ^ 

-HO 1 F - 10/16 

G 1 1 B 5/127 
5/187 
5/31 



F I 

HO 1 F - 10/16 
G 1 1 B 5/127 
5/187 
5/31 



F 
F 
C 









(:^ 1 3 H) 


(2i)ajigs-§- 


il#Si¥9-108030 


(TDtli^A 


000173795 










(22) mm B 


m^^qSE. (1997) 3 B 22 S 










(72) 










giSm{lL^m*e EAJtSffl IT S 27-27 






(72) 










'^*S»{aj-^mWlgE±^$3T i 8-22 



(54) mm<o^m m\±mm 



(57) [^^^] 

StLffi:^^ 5 0 ;i Q c mi^±^o JlU^ISfP^^^tfT^^ 16k 
Gii/.±^*-t-^ii;i^K^iST-ffinfc*feai4^7j^-rattHI 

1 0 < X< 5 0 

2 < Y< 1 0 
6 < 2 < 2 5 

1 5<X-hY + Z<6 5 

T'^ "5 . Ml±mit^<D±i$.l^.:^^- 1 0 0 0 k J JL^±CO A 
1, Zr. Ti. Hf, Mg, Be, ^b^lSi:^±S7L 

^^^2 OOe i^±. m^tbSfit®:^^ 5 0 /i O c mJL^±id J: 
l/e&fP^^^A;^^ 1 6 kGJ[^±$r^-t-^r:^^if#mi:^ 




-20 -L 



1 

1 0 <X< 5 0 

2 < Y< 1 0 
6 < Z < 2 5 

- 1 5 < X + Y -h Z < 6 5 

X-h ^ . Mi'tmit^<D±^m7^^- 1 0 0 0 k J i^J.±(DA 
1. Zr, Ti, Hf. Mg. Be, jb^ i t/*±^7C^ 

2 0 O e J[^±. H^itS&tfiS^i^ 5 0 M Q c mi^±jQ 

1 0 < 'X < 5 0 

2 < Y< 1 0 
6 < Z < 2 5 

1 5 <X + Y+ Z < 6 5 

x-^ i9 . 2 0 o e iic_b. 5 

0 /i Q c mJKX±:Jo J:t>*^fD^^^S/i^ 1 6 k Gl^ii^W 
[IS>f^Jl3] fS*:JllioJ:a^2{cfS®c^^tt»IMi:-tr^ 

tc.. 2 0 O e Jt^±. m^ltjgfetfit:^^ 5 0 M 

[fS*^7] 7ic^.^L4(7:►^/^-ri^;^|^l^S{w|S®^;o 

[0001] 
[0002] 

f+^nTV^57)^. ?E5>/ce4#tt^*-t-5 t.fT^fiSTt'M.^'^/^' 



(2) ^fi^W- 10-270246 

2 

[0 0 0 3] -^1^. 1 MH 2 ^.^(DMm^mm'i^i^J:^ 

- fco -7^=7^ vmA^\^v^<nn%mjit-^^xi<,^^^fz. 

[0 0 0 4] lasi^'fl: (B s) r^i^^ < . Ti^oi^j^K^ 

20 (s^jiL ^ii : m.^mnmm^^^mm^n^ mr 

89-12 (19 8 9) ) ^LTFe-Ta-N 

t!*P«1. : 0:*:i^;;ffl^^^^l£. 15. 3 6 5 

(19 9 1) ) - Tiir'co F e ^ ^ 

rtfco rtL??coM^:f(iB s /i5;k:tv^7t46. -^'Jxl^. IS 

L;5^L. ¥4 0%cofiI>g^-efS^«;g;i)^±^Lrv^6 
30 1 0 OMH z ifii^ic/i:5fc5':>t3. ^t^t^Sfe^ 

[0 0 0 5] 

^n^a m^^-i. :kmmi. ^itiiS^^is^'V^-rA^^ 

xi^i^^t^i^mti^^-r^m^^m. m^m-^y h't\^x 

h't\^xaj:L^^mm(D^\.-^m\±itm-^isb^^^o z 
Kh<Dmm(D^x\ mnv':^i:^i^2 0 0 ooeu±^x 
^fjii^mti^^'r^c o~p t - c rmx\ s^-^-^k 

i±p^ evz-^/u:/^ hv^^/uS-g^i^-Y^tT^MR-^-y K(?:>rj^ 
--'^ KfflS^^l^mi^ol^X^i^fciS^/£W^47)^l.^/^fc^ 
50 mxShi'f't^'^-< ^ ^ Vp^:^"^^ ^^Jit'(0'^m 



3 

[0 0 0 6] fi^. m^mt^mmmn^^y h^unt lx 

mcmm::MLXhmtirz:t-^<-y^ h#t4^^^-fo b 

fc:°— K(t 1 0 OMH 2 tc;iA/;i/ui: LTl^^o fifoT. 

mit(omz^ 1 0 OMH z>fi-ia*-effinfcS^^(^i^iS 

[0 0 0 7] :^^mi't±5^<Dj^jC^^Xtj:^ritih(D 
[0 0 0 8] 

F e - A 1 i^mz^ i^^tjim^mib. m.m.i&t7Lti.xm 
:^^m^^m^n^. :^--:>mmmxi,§:mj:mm^^m 

[0 0 0 9] mi -s^^c o 

1 0 < X < 5 0 

2 < Y< 1 0 
6 < Z < 2 5 

1 5 <X-h Y+ Z < 6 5 

Xh . M{Z^{t:ifel(D4t^^7)^- 1 0 0 0 k J £X±<DA 
1, Zr, Ti, Hf, Mg, Be, ^±m7tm(D^(D 

imt.tzi±2m^j.±<Dyzmx^^ . m^\±m^r^2oo 

e JL^±. ^^itgiTLlii:;^^ 5 0 ;i Q c mJ£jliiio J: t>'®?n^ 
[ 0 0 ] 0 ] ^ 2 (D^mit. -^5^C o 



(3) ¥fm^^ 10-270246 

4 

loo-^-^^-zFe^Al^^Oz (J^^%) 

1 0 < X< 5 0 

2 < Y< 1 0 
6 < Z < 2 5 

1 5 <X + Y+ Z < 6 5 

■ x^y). 2 0 o e i^±. m^itssi^a::^^ 5 

0 ^ Q c m]^±^XV^m^m^^^^:^^- 16k Gi^J.±^^ 

10 [0 0 11] msco^pjft. ^i^p>«*5j:i;^m2^0^ir 
t^^(Dm^mmt'^9 ^ yi!^:^mmt^^:s:\zmm\^tz 

[0 0 12] m^(Dmmi'X. mi^m:^xxj^m2^miz 
m^(Dm^mmz:^\^'^x^ m^(7:>mmmm<D4o%^m 
^mmm^xsi^L^fz. 3 o o e j^±. m 

[0 0 13] m^comm^^. mimm^j:^^\^m4mm<D 

. [0 0 14] m6(Dmmi't. mi^m^^\^^\^m4^m<D 

\^^'rM^i^{::t^M<7:>mi^mm^^(b^j:^ IMH za±X 

[0 0 15] m7<D^m^t^ mi?tm^j:^^\^m4:^m(o 

V ^-rn^^ 1 3St:ifS®<^att^m;i^ ^ 5 1 MH 2 i^±x 
[0016] 

[0017] :^^m<7:>m\±m^^- 1 e k Gj£t±c^i^^fp^ 

30 (Bs) ^^-r5fcat>tC(±ai4j[^^i: LTC 

frtXfl+^^X^ie < . 1 0 F e L^fz^ 

^l^X^^'^^m^^^h^. TtfcL. F e ^^7)^^ 5 0 %JL^± 
C7:)JRXI^. B s{ti^^ <fj:^ibK Hk7i^2 OOe^MfC 

m\i^m^-r^fzisb\zi'X^ ^(^2 0 nmyTt^^KS^^^ 
i:^mi\::m<D^^mr-m 1 0 0 0 k j iik±<DM7tm (m : 

Al, Zr, Hf, Mg, B e ^5 VMi*±^5r;^) ^ 
2%JL^±^tPi^^S/5^*>^o TtfcL. M7c;^SS;^^10% 
40 Jt^±lr/^^ i B s /5U 6 k GJ^Ttw;:^or ^ o 

ffi«;i>^6%J[^TXfi. M7C^c7)^{[::d^^+5J'T^'5. ^ 
< /^b-r. 2 5% 

JL^±X(t. C o-F e7C^t>^{t^tLT L^l\ ^ikPi^ 

[0018] 16k Gii4±c7>B s ^tt^-T 

mX\ 2 0 0 M Q c mW±CO:*^#/^^^itig}7L^7f:-rflg 

^{zt^^mt^n^^^mr^ 1-2 ^ m&.Tx^^tzisb{z. 
50 moM^^xi^m^mcD^a^m^^^^ 1 gh zi-fisi^xm 



5 

2 0 O e -ri'^^^ti^'^mt. H/\ 
[00191 

[0 0 2 0] ^^m^Mri^^mm^^i^m\^'^x^-b{zm\^ 

s« 
mm 

[0 0 2 2] '^^titiun(Dm:^Lmn^^^^nmW}m 

(Dr'—^i^. ^m^com^(Dmiiyj\^KW'rf (//) . 
mm. (±) {^S}mLxmmL'ti'^^^Mt>i.x\^^^o ^ 

t+^\:i^^^^-:>tio ^7t. mm::^{^(DmM^^ (b- 

(Bs) (D:k^ ^X'h^ . -^CQffiilT. SkGi:^^ 

i-^tv^t>^^T^tfbo7to w c7:>HI(7:){^^;^ (He) 

Wirmz^i. 0Oe<!r/h$<. ^m^mxh^:z 

S^itffiSt (p) f^. Si^lOO/xQcmi: {5}^r^/u-:7 

>mxm^\^rz:^^mm(r>mmm<Dmis:^^i^^^^7fk 

14. 289 (1990) ) X^^o 17k G&i.±.<D± 
^^J:S s ^l#oTl^5tCt,;5^;5-t?^-r. jS^?5ft4 0 0 

MHz-^x^itf-fjim^^t^^^^rjki^^ mm^<D'j^mt 

[0 0 2 3] 

mmm- 2 ] ^ss^jj- 1 1 m—^i'^x. c o - f e ^ 

[0 0 2 4] 



(4) 10-270246 

6 

(Co. xFe. 3) 92AIS (iST-%) — y'>' h 

^ (Ar+02) zl'g^^;^#fflm'^T'OSi^;^;^^>->'^r£ 

J: (9 C o-F e -A 1 -O^fil^f^^LfCo ^^^f4= 

* [0 0 2 1 1 - 

6xlO-^Tor r 
2 0 OW 
2 0^ 

Coming#7059 (i?$0. 5 mm) 
2 . 0 ~ 3 . 0 ju m 

0 . 0 ~ 1 . 0 % 

1 3 0 O e {—-^(OT^tKM^) 

bmMm^^\±m%mz^'^\^xm.^^'m^\^. m(r>m%. 
^mht^kz-r^fzmz^ %i^m-\hm~0k{^x^ co 

i F e i:(75it5:— ^i: LT. Nig^cO^^ 0 75^?^ 1 5 % 
20 ^-e^^^b^itfc-a^^^-^ry h^^tz-^TC o -F e -A 

ThB s £0|£^^jl4{C7j^i-3 ^^t^T^^. ^#e?tL7tlg'^ 
C75A I cb^^cDg^ttlif^i^ 1 : 3T'feD. Hl^O't^r- 
(A 1 . 2sO. ^3) <hL.-CS^L7to (A 
1. 2sO. rs) (y+2) Ti^tiiPL-Ct. Co 

-F e -A 1 -O^OOB s CO®/>{i (Al-O) JT^T-tC 

S^S-i^b. A 1 -Ofk-^i^^f^^Tt^^JC o -F e (iiSgt 
30 C o -F e^^T^^'^-boT ti^^^ie^^^ — ^ >- h 

(^A 1 k.mmm^\z^^'r^:Lt\z^^xK \ too 

-F e tCD^^WL^m^. ^^fSi'Qs ^JumM(0 (A 1 
_0) SST^^^UTV^^o 

[0 0 2 5] ^sfcic. :itLf?(Ofll<7:)||^ht®ta: (p) ^a 
I 'ikm.xmm. UTtss^^ii 5 tc^-t-o p ^^tt^n-^i^i^^t^ 

p(^ (Ai-o) m&<omvitmzmtum.m:^^^ 

2 5 % (A 1 _o) jex_br*fi 1 0 0 M o c m^a^ 

[0 0 2 6] ^7tC o -F e - A 1 -OH^COH c (iEl 6 
(C^-To lll;!i=^tb0v^b/i^?i^ J: (Al-O) 2g;StDi§ 

:^Pi:^i-. Hcm^L</J-$;< ^'c^ /Sv^ (Al-O) 
ig>g$G[a-C2 0 e JWT(7){E^^-ro r(7)J:aic. 

\z^^^X\±^&(Ot^xn%-^^^ 
50 [0 0 2 7] if^^^Pim(nmy5^^^ (Hk) ^ (A 1 - 



7 

o) m^x^^mLfzi^^'^mT {CTr-t, ©;mt^7n-r$5 

m^l^. ^J^f^. 2 0%ilL±(D (Al-O) ^-^M^T* 
11^^ 3 0 O e ^y.±(DH k T^S^^-r^o 

[0 0 2 81114. 5. 7 (D'i^^^^hmh^^^J:Xo\Z^ 
:$:^mmXi^Bs, p, Hkcoffi^fll^'O (A 1 -O) 
— ^m^m^^tlcX^ . \^i^-m^\::^z^i^^:Ltii>m 

[0 0 2 9] :^^mm{Z^i^ ^^i^<OA 1 ^Q<tt;^ojg« 

m^MC-t^B^X. mm^(7:>mm^ (Co. -zFe. 
3) xoo-v^Alyi: (Co. ^Fe. 3) 
ioo-v-»AlyOz T^-^o Ei 8 \Zitit^M(0 
(Co. ^Fe. 3) T o o-^A 1 (a) t 

0>^I1T'^5 (Co. rFe. 3) lOO-y-zAly 
Oz^im (b) (OmtfrmM^Tr^-ro (Co. rFe. 3) 

X o o- V A 1 ^mi-^m^^^cB ccmm^'^i'. a i 

fhfj:\.\ :^mnmx\^ (Al-O) jg^t::J:oT 

A\^m(ommtm:i dio) s;i^«^ffir^i>i/^'5. 

[0 0 3 0] rtt^(^Ii]5rE]?f^OJS^^S$s^^g (D) 
irSWPS (d) r'SSL7t<D;5^[19. lOT'^b^o 
^o. D(i;S h e r r e r £7)^^^V^Tff^Lfc^^ST'^5 

(;^7yv^- {mm^x^m) : xi^iHiSrgf^. (t5S) r 

1980) o Co-Fe - A 1 Hgc^Dti. A 1 m 



(5) '^mW' 10-270246 

8 

tf*^P^flIC0D(lC o - F e - A 1 fl^CO-^tl <!: W:^-^ ^ 

■Mr^<^^L. 1 o%A 1 JL^±(7^llT-ftSfi:{c/j>$ < 7^(5. 
^coMfi5 0 AJL^Ttc;^^^ (1119) o ct? J: 9 ^^^^h^ 

^g^^FOr He r 2 e r (Om^^B^^f (G. 

Herzer:IEEE Trans. onMag. 2 
6 1397 (1990)) ^rlS ^^tS^^^-f"^ 
;iJ[^Stw/^oTV^5 t(^<b%;tP>:rt5, ^7tCo-Fe 
10 ;i>^7tf^S5£Ba&^^BCCffii^^WLTl^^fc*^)tc:. flgt^ 

5o :^^mm<D^mmd\^A\mm-mm\^x%,\^t/u 

Hm\:.\^^^^^<D\Z.n\^X. C o -F e -A 1 CO^nfiN 

?fSr/Ml^T^^^?F^^L. Co-F el^^P^^t^fiA 1 

[0 0 3 1] 
[1^1] 



1 ^<<" 



1 

to 




(6) 



Wf^W- 10-270246 



10 







Bs 
(KG) 


P 


Hk 
(Oe) 


He 
(Oe) 


C055Fe23Al60l6 ^ 


18 


98 


45 


1.2 


C053Fe22Al60l9 y 


17 


120 


52 


1.0 


Co50Fe32Al4Oi4. y 


19 


76 


42 


2.4 


Co59FeioAl9022 y 


16 


180 


63 


2.1 


C054Fe24Al50l4N3 ^ 


J8 


88 


44 


1.8 


Co53Fe222r70i8 / 


18 


100 


38 


1.S 


C058Fe24H{SOl3 ^ 


19 


62 


36 


2.2 


Co56Fe3oMg40io 


20 


58 


28 


2-3 


C0S2F622Y7019 


17_ 


136 


60 


1.2 


Co6oFe27Dy30io ,| 


20 . 


55 . 




2.8 


Co57Fe22Mg50i2N4 


18 


74 


48 


3.2 


CoeaFeasYaOsNa 


19 


69 


39 


2.1 


C053 Fe23Ti60 1 8 >- 


19 


62 


35 


2.6 


CO60F€25Be4Ol1 


20 


54 


23 


3.6 


CoesFeisSmeOie ^ 


18 


lio 


47 


2.0 


C058Fe28Y3Oi i/Si02 


16 


220 


32 


0.3 


C055Fe23Al60l6/Al203 


16 


180 


47 


0.4 


CQS0Fei2All2O26 


13 


750 


78 


0.8 


(itW Fe-Hf-O 


17 


62 


3 


0.1 


(it?^) Fe-Ta-N 


17 


58 


2 


0.1 


(itiz) Co-Nb-Zr(Amo.) 


10 


110 


30 


0.2 


(ifcix) Fe-Si-N 




18 


80 


1 


0.8 



[0 0 3 2] mi^:^zti^X'<Dmmmt\^i(^mm^j::^m 

mm'^-^^'t^ Bs, p, Hk, H cT'SHUTt t>C7)T'^ 

B s 1 5 k Gi^T-e^5o :irL{zn\^x:$:^mm 



f£B s ^m'r^m^unx'^^^t:dmm^titzo 
[0 0 3 3] m^^^tzx 0 mm'&^^x(om^m 

cD^^fb^t^Ttbi-S^^Rii^tS^ ( f r ) (lHk<hBs 
t<Dm\^^m^h. m 1 1 i::(i*^P.^m^7)H k . p <h B 
sf)^hWc%Xi^i^tz^ - (a) y - f 4#t4^- 

(b*:5^7tQ- f (b) {Q:\^mi^m CO^^S^^^ 

-To \^^mti.x^^(o^s s-^mm^t\^x^<^h 
nri/^-s F e -T a -Nii^(^>^iP:^0fBSU7to mi\ 

(a) ClTF-f J: 9 F e -T a -NHSfiH k 75^^J^$V^ 
50 fz.m:L. \^^^^^t-. ^MJ<±.\c^'' ^i^^<tj:^ 



u 

tzib. 1 0 OMH zf+ifir-^Ri^^r LT US 9o — 

^^mm^x&mLtzm^rmi i (b) x-h^o my^- 
L-cv^^o 

[0 0 3 4] 

0. 5 um^Tti.. m^m t-^y ^ :^mt(Dmw 

Hk t^i^iA/^^^tL^tev^ ^mmitLfz^m^f^ 

i±mm<DBmm^(Dmm^xh^o :i(DKs^^{zx^x^ 
^m#ttfi$ ^--Dm:^^6^mmi!bx^h 
^<ti:^o :^^mm^mi^mti.x^m 
L^tz^mmxi^. m^mooB s7^^i^^\.^tzisbiiC^ -^i^fs 
t'B s^m.(p^^^^-tmL{:i. mf^tzmm.m(7:)m^^ 

;im>ft:LfcC o-F e -A-O/A 1 s^m^XV^C 
O - F e -Y-O/S i O 2^09^^:1:^77^ LTV 

[ 0 p 3 5 ]■ f^. :^^m<7:>m^mmc o l O O - x - y 

- z F e X M y O 2 11, _hfS<D i: 9 di^/^Z^S^i^TffitL 
tz^mn^^^Tjk-rtK ^tl\Z.V, Nb. Ta, Cr, 
Mo, Mn, Ni, Cu. Si, Ge, Ca^<Dl 

m^tza2m&^±<D^m^. mmi&^^^\^±-r^B^ 
mmLxhSi^'^^ti^^f^.xh^o 

[0 0 3 6 ] 

:^^m^. m^mitti.xmm.ttm.m*^m:i±^i^^m 
i±mmx\ mm^f^i^cDrnti^tzmmuPr^mm-r^^t 

(Dmyj^^m^^m-r^tzMz^ ^mm&m'-m<. ^tz 



(7) ¥f?MW- 10-270246 

12 

imi] (Co. ^Fe. 3) 9 2 A 1 s^-^^-y 
10 >^V^T^^SL7tC OssFesaAl ©Ox eMc^B- 

[E12] CossFesaAieOxs SI^OS^4^(7:>j^ 

[HIS] CossFe^sAl -rOxe Igc7:)a^^<75/1 

[1^14] (Co. ^Fe. 3) xoo- (^-H^) (A 
1. -zs) <>.-H ^> ^c^B s <^ (Al-O) 

[US] (Co. 7Fe. 3) 100- <>.-K^> (A 
20 1 . 2 5O. ^5) 11(75 p <t (Al-O) S 

[[26] (Co. rFe. 3) 100- <>^-^-^) (A 
1. 2sO. rs) c>. -f- ^ > M(7:>H c (Al-O) 

[127] (Co. ^Fe. 3) xoo- c>.-K^> (A 

1. 25O. rs) c^-^- m(7:>Hk i: (Al-O) 

ims] A imm^^^xi'^mi^tz (c o. ^f 

e. 3) X o o — y — =s A 1 y O flli: (Co. 7 F 

30 e. 3) J. a o-^A\ ^mt<Dxm\B}tfcmw}o 

[129] (Co. -rFe. 3) xoo~>r-^A1^0 
(Co. ^Fe. 3) X o o->. A 1 yflI(7>X^ 

[HlO] (Co. ^Fe. 3) xoo-y-^Aly 
O :^mt (Co. ^Fe. 3) ^ o c>~^A \ yrm^X 

mmtnmmTb^b^ittzmmmtA i ig^gi:c7>Ki^.^^-r 

4ti*[2. 

[12 1 1 ] :^^mm (C o s o F e 3 2 A 1 ^O X ^) 
40 i: F e - T a -Nm(Dtm:^-h^i!bfzmmm ti^^m^ 



(3) 



mMW- 10-270246 



[H] 1 0 I 



Co55Fe23A 15016 film 



5 kOe 




2.05 



CD 

c 

'o 

CO 
Q. 
CO 



is 2.00 



CO 

c 
ja 

Or 
J) 



1.95 



CoFe(110) 



. 0.7 Ojr(100-y) y 
0.7 0.y<10(Vy^) y x 



5 10 

y(%) 



15 



m2] 



1000 



=1 



■g 100 
I. 

<u 

a. 



10 
10 



C05 5Fe23Al6Ol6 film 

(A5 deposited) 



calculated' 



measured 




100 

Frequency, f(MHz) 



1000 



(9) 



if^f^zpi 0-270246 



ims] 



1000 



=1. 

1 100 

a; 

E 

v 



10 



10 



Co52Fe22Y70l9 film 

1^' - 



calculated 
measured -^'^ 




100 

Frequency, f(MH2) 



1000 



m4] 



ims] 




(Co.7Fe3)iD0.(y+z)(AlJ15O.75)(y4.2) films 



10 20 30 

(y+2) (%) 



40 



400 
350 
300 
Q 250 

•o5 200 

_c " 

2 150 
O 

100 
50 
0 



• (Co Fe ) Al 

^ 0.7 0.3'(100-y) y 

O (Co ,Fe ) Al - O 




5 10 

y (%) 



15 



(10) 



^?MW- 10-270246 



[1215 ] 



1000 



E 



100 r 




20 30 
(y+z) i%) 



40 



[13 6] 



50 




0 10 20 30 40 

(y+2) (%) 



(11) 

[1117] 



!f#f}g¥ 1 0-270246 




20 

(y+z) (%) 



40 



(12) 



0-270246 



(ISIS] 




It 
N 



00 
II 




(sieos qJV) A;!SU9}U| 



o 
en 



Oi o 
CO — 

o. £ 
Q. CO 



o S 



• O 



CM 



O 

E 

CO. 



(DLL) 



C5 



CO 



o 
E 
to 



§1 

CM O 



11 



o 

CO 



C\J o 



to 
11 



o 
E 



CM O 



o 

CO 



(13) 



!t#i)^2p 10-270246 



[mil] 



10000 



(a) 



F-Ta-N film 

(Bs=18 kG, Hk=5 Oe, - 
p=40iliicm) 




(Bs=19kG, 
Hk=42 0e, 

p=76 ^incra) 



10 



100 



1000 



10000 



a 



1000 



§ 100 

03 



10 



(b) 



(Co5oFe32AUOi4) 



t=1.0 H-m 



(Bs=19 kG, Hk=42 Oe, 
p=76 jiQcm) 




/ 

Fe-Ta-N film 

(Bs=lSkG, Hk=5 0e, 
p=40 [liicm) 



10 100 

Frequency, f(MHz) 



1000 



http;//www4.ipdl.jpo.go.jp/cgi-bin/tran_...2522%2520BGCOLOR%3D%2522lightyellow%2522 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 

2 ***♦ shows the word which can not be translated. 

3 in the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is shown by general formula ColOO-X-Y-ZFeXMYOZ (atomic %). Each rate of an atomic ratio is 
10<X<502<Y<106<Z<2515<X+Y+Z<65. The heat of formation of M of an oxide is one sort or two sorts or more of elements in 
aluminum, Zr, Ti, Hf, Mg and Be of -1000 or more kJs, and rare earth elements. The magnetic thin fihn to which an anisotropy 
field is characterized by 50 or more microomegacm and saturation magnetic flux density having [ 20 or more Oes and electric 
resistivity ] 16 or more kGs. 

[Claim 2] The magaetic tiiin film to which it is shov.Tx by general fcrmula Co 1 88-X- Y-ZFeXAi YOZ (atomic yb), each rate of an 
atomic ratio is 1 0<X<502<Y<1 06<Z<25 1 5<X+Y+Z<65, and an anisotropy field is characterized by 50 or more microomegacm 
and saturation magnetic flux density having [ 20 or more Oes and electric resistivity ] 16 or more kGs. 
[Claim 3] The magnetic thin film characterized by having the multilayer structure in which the magnetic thin fihn and ceramic 
fliin fihn of a publication carried out the laminating to claims 1 and 2 by turns. 

[Claim 4] The magnetic thin fihn to which the anisotropy field which replaced less than 40% of the oxygen density in a fihn by 
claims 1 and 2 by the nitrogen atom in the magnetic thin fihn of a publication is characterized by 50 or more microomegacm and 
saturation magnetic flux density having [ 20 or more Oes and electric resistivity ] 16 or more kGs. 

[Claim 5] The high-density magneUc-recording head which becomes a claim 1 or any 1 term of 4 fi-om the magnetic thin fihn of a 
publication. 

[Claim 6] The inductor which operates above 1 MHz which becomes a claim 1 or any 1 term of 4 fi-om the magnetic thin fihn of a 
publication. 

[Claim 7] The transformer which operates above IMHz which becomes a claim 1 or any 1 term of 4 firom the magnetic thin fihn 
of a publicaUon. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the film in which the soft magnetism excellent in the high frequency band which 

has big saturation magnetization, a uniaxial magnetic anisotropy, and electric specific resistance is shown. 

[0002] 

Pescription of the Prior Art] The attempt of efforts to raise the frequency of operation of electronic equipment and the 
miniaturization accompanying it is briskly performed with improvement in the speed of a CGmputer in recent years, the formation 
of high-density record, and development of mobile communications. Although this inclination has also attained to the magnetic 
device used in them and development of the magnetic material for it is considered, what has sufficient property is not found out 
yet. Especially, a bird clapper can overly be considered on the big problem of the near future with the head material for record of 
the hard disk drive equipment of high-density record. 

[0003] Generally, if it becomes a high frequency band IMHz or more, since the magnetic material of a metal system has small 
electric resistance, an eddy current will become large, and use by the high frequency band will become difficult. Therefore, the 
magnetic material of the oxide represented with a soft-magnetism ferrite etc. as RF soft magnetic materials from the former has 
been used. Since the electric resistance of a ferrite of the material itself is very large, its loss by the eddy current is small. 
However, since saturation magnetization of a ferrite is small, the resonance frequency of permeability is not so high, and unusual 
resonance etc. is observed in a low frequency band. Moreover, since the size of permeability was not so large, either, the use had 
many limits. And in microfilming of a magnetic device, the fatal biggest fault of a ferrite is being unable to perform thin 
film-ization at all now. 

[0004] Saturation magnetization (Bs) the expectation for the magnetic material which shows the frequency dependence of 
permeability which was large and was excellent to the high frequency band Are especially large in the field of the micro 
transformer material in the field and high frequency band of the magnetic head for high-density record. They are many magnetic 
materials (Hasegawa, Saito: electronic-intelligence communication society technical research reportiMR 89-12 (1989)), for 
example, Fe-Hf-C, and Fe-Ta-N (noted old **) until now. Sakakima, Ibara: Fe system microcrystal soft-magnetism films, such as 
the Magnetics Society of Japan and 15,365 (1991), have been proposed. Since such material has large Bs, they is excellent in the 
field of an over- writing property in the magnetic head for record etc., and can respond to the drawing speed in the present 
condition enough. However, by the record system of the fiirther high recording density of several years after, since the speed of a 
hard disk is set to about lOOMHz with elevation of recording density, by the present soft magnetic materials, it can consider that it 
becomes impossible to correspond these days of a hard disk when recording density is going up at a rate of 40% of years. 
Therefore, the magnetic material which shows the frequency dependence of permeability which was excellent to the sUU higher 
cycle band with saturation magnetization being large is expected. 
[0005] 

[Problem(s) to be Solved by the Invention] The densification of the storage capacity of a hard disk and the strong request to the 
micro MAG device which operates by the RF will be considered to increase increasingly from now on. For example, if large 
capacity and a ultra high-speed magnetic-recording system are considered from the point of a magnetic material, as the magneUc 
film which has the big coercive force as a record medium (magneUc disk), the soft magnetic material which has the big saturation 
magnetization as a head for record, and a head for reproduction, the good soft magnetic materials of a speed of response will be 
called for. In these problems, a magnetic disk is the Co-Pt-Cr film which has the big coercive force of 2000 or more Oes, and the 
prospect which can carry out clear in a spin bulb, development of a tunnel junction type MR head, etc. came out of the 
reproducing head. However, a still suitable material is not found out about the soft-magnetism film for recording heads. Fields, 
such as a micro transformer by which the problem about the same soft magnetic materials operates by the high frequency band, 
and an inductor, are also being raised. 

[0006] hi recent years, Fe system soft-magnetism microcrystal film which has the big saturation magnetization as a magnedc-head 
material for high-density record was developed, and it seemed that the problem about the soft-magnetism film for recording heads 
was already solved. Surely, although the big Bs has Fe system soft-magnetism microcrystal fihn of currently possessed therefore, 
it shows the over- writing property which was excellent also to the record medium which has big coercive force. However, if 
recording density becomes high further, by the magnetic material of the present [ resonance frequency / of permeability ] near 
lOOMHz, the frequency characteristic of the permeability can consider a problem and a bird clapper. Now, speed of the periphery 
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in a large-sized hard disk drive system is set to lOOMHz chatteringly. Therefore, the property for which the head material for 
magnetic recording of the small hard disk system of super-high density of the next generation is asked is that the frequency 
dependence of permeability which was excellent to near lOOMHz is shown besides the conventional big saturation magnetization. 
Therefore, soft magnetic materials are asked for high electric resistance and a big anisotropy field besides big saturation 
magnetization. Although mu' is large since, as for the Fe system quantity Bs soft-magnetism microcrystal film described 
previously, a uniaxial magnetic anisotropy is hardly given, the thing of fee next generation for which it becomes impossible overly 
to bear a high-density magnetic-recording system can guess well the mu-f property in a high frequency band easily. The 
soft-magnetism thin film material which shows the frequency dependence of permeability also with electric specific resistance, an 
anisotropy field, large saturation magnetization, and a monolayer good to a RF from the above thing is called for. 
[0007] tiiis invention was made in view of the above-mentioned point, and aims at offering the electric resistance which shows 
********** which was excellent to the RF region, an anisotropy field, and the big soft-magnetism thin fihn of saturation 
magnetization. 
[0008] 

[Means for Solving the Problem] As a result of trying hard wholeheartedly in view of the above-mentioned situation, this 
invention persons fmd out that the film which has big saturation magnetization, electric resistance, and an anisotropy field on the 
Co-Fe-aluminum system film containing slight oxygen, and shows RF ********** also with a good monolayer to it is obtained, 
and result in this invention. 

[0009] The 1st invention is shown by general formula ColOO-X-Y-ZFeXMYOZ (atomic %). Each rate of an atomic ratio is 
10<X<502<Y<106<Z<2515<X-!-Y-fZ<65. The heat of fGrmation of m of aii oxide is one sort or two sons or more of elements in 
aluminum, Zr, Ti, Hf, Mg and Be of -1000 or more kJs, and rare earth elements. The magnetic thin fihn to which an anisotropy 
field is characterized by 50 or more microomegacm and saturation magnetic flux density having [ 20 or more Oes and electric 
resistivity ] 16 or more kGs. 

[0010] For 50 or more microomegacm and saturation magnetic flux density, 20 or more Oes and electric resistivity are [ the 2nd 
invention ] the magnetic thin film to which it is characterized by being shown by general formula ColOO-X-Y-ZFeXAlYOZ 
(atomic %), for each rate of an atomic ratio being 10<X<502<Y<106<Z<2515<X+Y+Z<65, and an anisotropy field having 16 or 
more kGs. 

[001 1] The 3rd invention is a magnetic thin film characterized by having the multilayer structure which carried out the laminating 
of the magnetic thin film and ceramic thin film of a publication to the 1 st invention and the 2nd invention by turns. 
[0012] For 30 or more Oes and electric resistivity, the anisotropy field which replaced less than 40% of the oxygen density in a 
film by the 1 st invention and the 2nd invention by the nitrogen atom in the magnetic thin film of a publication is [ the 4th 
invention / 50 or more microomegacm and saturation magnetic flux density ] the magnetic thin film to which it is characterized by 
having 1 5 or more kGs. 

[0013] The 5th invention is a high-density magnetic-recording head which becomes any 1 term of the 1st invention or the 4th 
invention from the magnefic thin film of a pubHcation. 

[0014] The 6th invention is an inductor which operates above IMHz which becomes any 1 term of the 1st invention or the 4th 
invention from the magnefic thin film of a publication. 

[001 5] The 7th invention is a transformer which operates above IMHz which becomes any 1 term of the 1 st invention or the 4th 

invention from the magnetic thin film of a publication. 

[0016] 

[Function] 

[00 1 7] In order for the magnetic film of this invention to have the high saturation magnetic flux density (Bs) of 1 6 or more kGs, 
just Co simple substance does not need to be enough as a magnetic atom, and it is necessary to be the alloy system replaced by 
10% or more of Fe. However, Hk will be set to less than 20 Oes, and, finally Bs will become magnetic ******^ although Fe 
concentration becomes large by 50% or more of fihn. Moreover, in order to realize a soft magnetism, a film needs to consist of 
crystal grain with a particle size of 20nm or less, and, for that, the heat of formation of an oxide needs to contain M element 
(M:aluminum, Zr, Hf, Mg and Be, or rare earth elements) of about 1000 or more kJs 2% or more. However, Bs will be set to 16 
or less kGs if M element concentration becomes 10% or more. 6%> or less of an oxygen density is [ oxidization of M element ] 
insufficient, particle size does not become small, and a soft magnetism is not realized. On the other hand, at 25% or more, while a 
Co-Fe element will also oxidize and magnetization becomes small, it will become perpendicular magnetic anisotropy films. 
[00 1 8] The film which shows the electric big specific resistance of 200 or more microomegacm to this invention fihn by the fikn 
in which Bs of 16 or more kGs is shown was not obtained. However, since the thickness needed when producing a, magnetic 
device is 1 -2 micrometers or less, an eddy current loss does not become so large. However, the meaning with which it is 
compensated also needs to raise the resonance frequency of permeability to near 1 GHz, and it is desirable for Hk(s) to be 20Oe(s) 
in Bs high for that. 
[0019] 

[Example] Hereafter, the example of this invention is explained, adding comparison with the result of the conventional Fe system 
microcrystal film or a nano granular structure soft-magnetism film etc. 
[0020] this invention is explained in more detail using a concrete example. 

[Example -1] The Co-Fe-aluminum-0 thin film was produced for 92(Co.7Fe.3) aluminums (atomic %) target using RF 
magnetron-sputtering equipment by reactive sputtering in the inside of mixed-gas (Ar+02) atmosphere. Membrane formation 
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conditions were set as below. 
[0021] 

Spatter gas ** 6xlO-3Torr Injection power 200W Substrate temperature 20 degrees C Substrate Coming#7059 (0.5mm in 
thickness) 

Thickness 2.0-3 .0 micrometers Oxygen flow rate 0.0 - 1 .0% Impression magnetic field 1 30Oe (permanent magnet of a couple) 
[0022] The direct-current magnetic properties of the obtained sample were measured with the sample oscillatory-type 
magnetometer. A result is shown in drawing 1 . Two data in drawing express the result excited and measured to parallel {If) and 
the perpendicular (**) in the impression direction of the magnetic field at the time of membrane formation. The sample had the 
uniaxial magnetic anisotropy parallel to the direction of a magnetic field impressed at the time of membrane formation, and the 
size of the anisotropy field was fully as large as about 45 Oe(s). Moreover, it is guessed that the rectilinear-propagation nature of 
a loop is good and membranous anisotropy distribution is small so that clearly from the result of a vertical history curve (B-H 
hysteresis loop). The biggest feature of the obtained film was the size of saturation magnetic flux density (Bs), and the value was 
very as large as 17.8kG(s). A perpendicular and parallel of the coercive force (He) of this film are as small as about 1 .0 Oe(s), 
and it is shown that it is a soft-magnetism film. The electric specific resistance (p) of this fibn measured by the direct-current 4 
terminal method shows about 100 microomegacm and a value almost of the same grade as an amorphous film. Moreover, the 
frequency dependence of the permeability of this invention film measured by the parallel line method is shown in drawing 2 . 
Dashed lines are Landau and a theoretical formula (the Jinbo, Tsunashima, and Uchiyama: Magnetics Society of Japan, 14,289 
(1 990)) based on the equation of motion of RIFUSHITTSU. In spite of having big Bs of 17 or more kGs, permeability shows 
frequency dependence good to 40GMI-Iz, and is eanying out simuUaneousiy coincidence of the result of a theoretical formula. 
[0023] 

[Example -2] On the same conditions as an example -1, the Co-Fe-Y-0 film was produced using the compound target which 
stuck 20Y3 chip at the Co-Fe target. Direct-current magnetic properties and alternating current magnetic properties were 
measured about the obtained sample. An example of the frequency dependence of the permeability of the obtained film is shown 
in drawing 3 . Moreover, all over drawing, the measurement result of direct-current magnetic properties is also shown. Like the 
result of an Co-Fe-aluminum-0 film, the permeability of the obtained film shows about 300 value, and shows good frequency 
dependence so that clearly from drawing. The fihn of the composition system of everything [ result / almost same / the / as this ] 
but this invention was also observed. 
[0024] 

[Example -3] It joins together preferentially, M atom and an oxygen atom form a grain boundary, and having had big influence is 
known for the conventional high electric resistance soft-magnetism film in the membranous magnetic-properties property, in 
order to clarify the effect of the concentration of MYOZ exerted on the magnetic properties of this invention fihn, on the same 
conditions as an example -1 , the ratio which it is with Co and Fe was set constant, and the Co-Fe-aluminum-0 film was produced 
using the alloy target to which only N concentration was changed to 0 to 1 5% The result of Bs calculated from the measurement 
result of direct-current magnetic properties is shown in drawing 4 . As a result of analysis, aluminum in the obtained film and the 
ratio of concentration of oxygen are about 1 :3, and were displayed as (aluminum.250.75) in the drawing. Even if the 
concentration (y+z) (aluminum.250.75) in a film increases, reduction of Bs of an Co-Fe-aluminum-0 film is small as compared 
with it at the time of calculating as simple dilution by the atom (aluminum-0). In order that N with big heat of formation may 
combine with oxygen alternatively and may make an aluminum-0 compound from this invention film, Co-Fe separates, and even 
if Co-Fe concentration changes, it is imagined to be what is maintaining the big magnetic moment. Thus, when aluminum and 
oxygen live together in a film, this invention film barred alloying with aluminum and Co-Fe, and has realized big Bs by wide 
range (aluminum-0) concentration. 

[0025] Next, the result which arranged the electric specific resistance (p) of these films by aluminum concentration is shown in 
drawing 5 . The difference by the membranous composition system with so big the rate of increase of p is not seen, p of this 
invention film increases almost linearly with the increase in concentration (aluminum-0), and exceeds lOOmicroomegacm above 
25% (aluminum-0). It is imagined as what two, make [ that aluminum and O of this invention fihn form a grain boundary in such 
big p and ] membranous crystal grain small, have contributed. 

[0026] Moreover, He of an Co-Fe-aluminum-0 fihn is shown in drawing 6 . With the increase in concentration (aluminum-0). 
He becomes remarkably small and shows the value below 20e by the latus (aluminum-0) density range so that clearly from 
drawing. Thus, this invention film is imagined to be what the good soft magnetism has realized when aluminum and oxygen live 
together in a film. In addition, the term of structure considers the origin. 

[0027] The result which arranged the anisotropy field (Hk) of this invention fihn by concentration (aluminum-0) is shown in 
drawing 7 . By the film which increases with the increase in concentration (aluminum-0), for example, contains 20% or more of 
(aluminum-0), Hk of about 30 or more Oes realizes Hk of this invention film in the range which shows a soft magnetism. 
[0028] by this invention fihn, by choosing the concentration (aluminum-0) in a film, the value of Bs, p, and Hk can be boiled 
almost uniquely, and can be decided so that clearly from drawing 4 and the result of 5 and 7 

[0029] In order to clarify influence of aluminum of the property in this invention film, and O concentration, membranous structure 
was investigated with the X-ray diffraction method. In addition, 100(Co.7Fe.3)-yAly and 100(Co.7Fe.3)-y-zAlyOz show 
expression of film composition for the purpose which clarifies influence of each atom of aluminum and O. The diffraction pattern 
of the 100-y-ZAlyOZ film (b) which is the 100(Co.7Fe.3)-yAly film (a) and this invention film of the example of comparison 
(Co.7Fe.3) is shown in drawing 8 . (Co.7Fe.3) A 100-yAly film has BCC structure fimdamentally, and even if it changes 
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aluminum concentration, a so big change is not looked at by the diffraction pattern. On the other hand, by this invention fihn, the 
big change to crystal orientation or line breadth is observed with concentration (aluminum-0). That is, a field (110) becomes 
priority orientation with the increase in aluminum concentration, and line breadth becomes large. 

[00301 Drawing 9 and 10 arranged the result of these diffraction patterns by the diameter of crystal grain (D), and the spacing (d). 
In addition, D is the value calculated using the formula of Sherrer (KARITE (Gentaro Matsumura translation) : X diffraction 
****, AGUNE, 1980). To D of an Co-Fe-aluminum film increasing gradually with the increase in aluminum concentration, on 
the whole, D of this invention film containing oxygen is small as compared with it of an Co-Fe-aluminum film, and the inclination 
which decreases with the increase in aluminum concentration is shown, it becomes small rapidly by the film more than 
10%aluminum, and the value becomes 50A or less ( drawing 9 ). Having such a small particle size satisfies the microcrystal 
model (G. Herzer:IEEE Trans.onMag.26 1 397 (1 990)) of Herzer, and it is considered to be the main causes which show a soft 
magnetism. Moreover, since the crystal grain which consists of Co-Fe has BCC structure, the membranous easy magnetization 
direcfion comes to exist in a field, and can imagine it as what has contributed to soft-magnetism-ization. It is thought that such a 
membrane structure originates in the selective oxidation of aluminum. That is, since aluminum is preferentially connected with the 
oxygen in spatter gas, and this invention also forms the grain boundary in a film during membrane formation and a grain boundary 
increases with the increase in aluminum concentration, it is thought that crystal grain makes it detailed. This idea is supported by 
drawing 10 . It of Co-Fe-aluminum increases with the increase in N concentration to hardly changing, even if aluminum 
concentration increases the spacing d of this invention film, aluminum enters between Co-Fe grids and this increase is considered 
for expanding the distance between grids. On the other hand, by this invention film, even if aluminum concentration increases, in 
order that it may be connected with oxygen, a grain boundary' may be fGrmed and aluminum atom may not enter between Co-Fe 
grids, it is thought that a lattice spacing does not change. 
[0031] 
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[0032] Table 1 arranges the measurement result of an old example and the example of representation of the typical thin fikn of the 
generic claim of this invention produced by the almost same method by Bs, p, Hk, and He. Moreover, the result of the 
conventional soft-magnetism fihn is shown as an example of comparison. Its Hk is remarkably small although some fihns [ as / 
whose conventional films are also Fe-Ta-N films ] show big Bs of 1 7 or more kGs. On the other hand, although Co system 
quantity electric resistance film shows big Hk and big p, Bs is 15 or less kGs. On the other hand, all of this invention film had Hk 
and p of a moderate size, and Bs>16kG is realized. Thus, it was checked that the Co-Fe-M-0 alloy system film which contains 
shghtly an element with the big heat of formation of an oxide is the magnetic material which has Hk and p of a moderate size by 
the soft magnetism, and has big Bs. 

[0033] As already stated, the natural resonance frequency (fr) which brings about degradation of the permeability in a high 
frequency band is proportional to the product of Hk and Bs. The result of the mu-f property (a) searched for by Hk, p, and Bs to 
calculation of this invention film, the Q-f property (b) searched for from the mu-f property, and (Q:peiformance index) is shown 
in drawing 1 1 . The result of the Fe-Ta-N film well known as an existing high Bs soft-magnetism film as an example of 
comparison was written together. Although mu' is large since an Fe-Ta-N film has small Hk as shown in drawing 1 1 (a), since 
mu" also becomes large more than it, resonance will be caused near lOOMHz. On the other hand, big Bs and big Hk multiply this 
invention film, and mu' maintains a fixed value to near about 1 GHz. The result which arranged these fihns by the performance 
index is drawing 1 1 (b). As compared with, the kno^vn Fe-Ta-N film, this invention film has big Q and the high resonance 
frequency of about 1 figure so that clearly from drawing. 
[0034] 

[Example -4] In order to obtain the film in which the frequency dependence of permeability which was excellent to the fiirther 
high frequency band is shown, the cascade screen with this invention fihn, Si02, aluminum203, and AIN was produced on the 
same conditions as an example -1 . Thickness per layer of a magnetic film is set to 0.5 micrometers or less, and the thickness ratio 
of a magnetic layer and a ceramic layer was made to become 4 to 1 or less. In the multilayer which the size of magnetization 
constituted from a magnetic fihn of 1 8 or more kGs, even if it multilayer-izes, the size of magnetizafion of the whole fikn is not set 
to 1 5 or less kGs, and Hk hardly changes, either. The muUilayer-ized effect shows up in reduction-ization of an eddy current loss, 
and the resonance frequency of permeability becomes high to near 2GHz. Another effect of multilayer-izing is the appearance of 
the magnetostatic combination between magnetic layers. ********** improves fiirther with this bonding strength, and anisotropy 
distribution becomes very small. As mentioned above, in the multilayer which adopted this invention film as a magnefic fihn, the 
film in which the outstanding frequency dependence of permeability is shown can be obtained, without decreasing Bs so much, 
since Bs of a magnetic film is large. \n addifion, the result of 20Co-Fe-A-0/aluminum3 multilayer-ized film and 
Co-Fe- Y-0/Si02 film is shown in Table 1 . 

[0035] In addition, although magnetic-thin-film ColOO-x-y-zFexMyOz of this invenfion shows ********** which was excellent 
in the high frequency band as mentioned above, to this, one sort or two sorts or more of elements, such as V, Nb, Ta, Cr, Mo, Mn, 
nickel, Cu, Si, germanium, B, and calcium, are sometimes added in the criteria of the technical thought of this invention in order 
to improve a RF property, and it is natural that you may add. 
[0036] 

[Effect of the Invention] According to this invention, both an anisotropy field, saturation magnetization, and electric specific 
resistance can offer the thin film material which was described above and which excelled [ thin film / soft-magnetism / large ] in 
the RF property like. Since saturation magnetization has the anisotropy field of **, the size which is not inferior, and a moderate 
size in it of the conventional Fe basis microcrystal film and the thin film of this invention is a size with it, an eddy current loss is 
small and can maintain the frequency characteristic of good permeability to high frequency. [ a high and resonance frequency and 
] [ of the same grade / electric resistivity / as amorphous soft magnetic materials ] Furthermore an over- write [ it / with the record 
medium of the super-high recording density which has big coercive force ] fully since this invention fikn has the frequency 
dependence which was excellent in big saturation magnetization and permeability, when it uses as core material of the magnefic 
head for record is thought, and the industrial meaning is large to a sake. 



[Translation done.] 



